Several physiological and pathophysiological stimuli or drugs modulate endothelial progenitor cell (EPC) mobilization. Moreover, levels of circulating EPCs predict cardiovascular risk and left ventricular remodelling after myocardial infarction. Nevertheless, our understanding in this field is complicated by lack of an unequivocal definition of EPCs, thus limiting their clinical applications. This review summarizes current knowledge and uncertainties on EPC characterization and mobilization in the attempt to define their role in the management of cardiovascular diseases.
Introduction
Almost a century ago, Cohnheim 1 proposed that the bone marrow is a reservoir of stem cells capable of regenerating not only the bone marrow itself but also solid organs. Although the bone marrow remains far from being the source of eternal youth, after the identification of putative circulating endothelial progenitor cell (EPC), 2 almost all tissues have been generated, at least in vitro, from bone marrow cells 3 -7 and we are witnessing a hot debate on which stem cells have the best potential to regenerate the damaged heart. We believe that the vast experience acquired in several years by haematologists should be the ideal platform for developing the future of stem cells in cardiology. Bone marrow is constituted by different types of stem/progenitor cells, including-but not limited to-the multipotent adult progenitor cells, able to regenerate several tissue layers, mesenchymal stem cells, and haemangioblasts, the common putative precursors of haematopoietic and the endothelial lineages. 8 The haematopoietic stem cells, with unlimited capacity of self-renewal and differentiation, are the thousandth part of a mixed cell population identified by the surface expression of the CD34 epitope. The remaining CD34þ cells are progenitor cells with limited capacity of bone marrow regeneration, and among them, EPCs have been identified according to several different functional and phenotypic criteria.
Even though the exact mechanisms of neoangiogenesis and neovascularization are still poorly understood, vessels could be repaired not exclusively by adjacent mature and terminally differentiated endothelial cells, but also by the bone marrow-derived EPCs. These cells would reside in the bone marrow and from there would be repeatedly mobilized in response to several stimuli peripheral factors ( Figure 1) . 9 The principal mechanism of EPC mobilization from bone marrow seems to depend on the activation of endothelial nitric oxide synthase (eNOS) in the presence of several mobilizing factors, such as vascular endothelial growth factor (VEGF) and placental growth factor (PIGF). 10 Vascular injury in different models of myocardial or peripheral limb ischaemia has been shown to effectively mobilize circulating EPCs, which localize at the site of damage where they divide, proliferate, and adhere to the sub-endothelium promoting growth of new vascular endothelium. 11 In particular, Stellos and Gawaz 12 showed in a mouse model that after endothelial injury, the platelet adhesion to the vascular wall induces a cytokine-mediated release of stromal-derived factor-1 (SDF-1) which, in turn, determines recruitment and proliferation of CD34þ CXCR4þ VEGFR1þ (flt-1þ) EPCs and constitutes the major determinant of re-endothelization together with a possible paracrine effect of EPCs on endothelial cells, mediated by angiogenic factors, that could stimulate the proliferation of adjacent endothelial cells.
Although it is tempting to postulate that the reparative release of EPCs could compensate for the simultaneous shedding of endothelial cells from the vascular wall, no study, to the best of our knowledge, has so far demonstrated a clear correlation between vascular damage (assessed by measuring circulating endothelial cells) and repair (assessed by measuring circulating EPCs). 13 Furthermore, recently in an elegant experimental model of parabiosis, no contribution to endothelial repair or to tumour growth was observed from putative bone marrow-derived endothelial cells, raising doubts about the relevance of this reparative mechanism.
14 Similarly, a recent paper of Rodriguez-Menocal et al. 15 showed that the contribution of bone marrow-derived progenitor cells to neo-intimal proliferation in a rat balloon injury model was very limited.
Characterization of endothelial progenitor cells
The term 'endothelial progenitor cell' was used to define many different cell populations. In general, it can be referred to certain cells obtained from culture of mononuclear cells and to circulating cells characterized by FACS analysis.
Cultured endothelial progenitor cells
Several techniques were developed to plate peripheral blood mononuclear cells to give rise to EPC colonies. 16 Two major cell types were demonstrated to originate from these assays, the so-called early-outgrowth EPCs and late-outgrowth EPCs, according to their time-dependent appearance in culture, and to other features, such as morphology, proliferation rate, gene expression profile, and functional properties. 17, 18 The vast majority of studies, including the pivotal studies by Asahara et al. 2 Figure 1 Mechanism and mediators of EPC mobilization. Adult bone marrow contains the haemangioblast, the putative common precursor for haematopoietic, and endothelial lineage. These cells are mobilized by several factors mainly through NO and MMP-9-mediated mechanisms, share common antigens, like the CD34, and differ for the expression of CD45, the common leucocyte antigen that lacks on true circulating endothelial progenitor cells. Nevertheless, cells from haematopoietic lineage also can form colonies of early EPCs in vitro. Colonies of late EPCs in vitro are generated from 'true' circulating EPCs (CD34þ, KDRþ, and CD452). Circulating EPCs can participate to re-endothelization, or possibly to post-natal vasculogenesis, directly or through a paracrine effect (see text for details).
agglutinin, and express CD31, CD34 (generally at low levels), VE-cadherin, VEGFR-2, and von Willebrand factor. Differently from mature endothelial cells, early-outgrowth EPCs share some similarities with monocytes because they express the monocytic marker CD14 20 and the panleucocytic marker CD45. 21 These features make the origin of early-outgrowth EPCs from haematopoietic lineage very likely. Moreover, early-outgrowth EPCs have a limited proliferative capacity; do not form directly a vascular network in vitro but they can contribute to its formation by a paracrine mechanism. 22, 23 In contrast, late-outgrowth EPCs start proliferating only after 2-3 weeks in culture. 24 They show cobblestone morphology and are relatively rare. These cells, also called bloodderived outgrowth endothelial cells 25 
Physiological and pathophysiological stimuli of endothelial progenitor cell mobilization
Endothelial progenitor cell release from the bone marrow is mediated by eNOS-derived nitric oxide (NO) produced by the regulatory components of bone marrow microenvironment, i.e. osteoblasts and endothelial cells. Accordingly, substances that increase NO bioavailability, like growth hormone (GH) and insulin growth factor-1 (IGF-1), increase EPC levels. 29 In contrast, higher levels of endogenous substances that impair NO bioavailability, like asymmetric dimethylarginine (ADMA), are associated with lower levels of EPCs and with in vitro inhibition of: (i) mobilization and differentiation of EPCs, (ii) incorporation into endothelial tube-like structures, and (iii) formation of CFUs from cultured peripheral blood mononuclear cells. 30 Physiological factors mobilizing EPCs from bone marrow niches include physical exercise, which acts through an NO-and VEGFmediated mechanism ( Table 1) . 31 -34 Oestrogens mobilize EPCs through a direct action on a and b oestrogen receptors, via matrix metalloproteinase-9 (MMP-9)-and eNOS-mediated mechanism, helping to explain the lower rate of cardiovascular events in pre-menopausal women when compared with men. 35 In contrast, several studies have demonstrated that ageing has a negative impact on EPC at different steps. 36, 37 In fact, middle-aged and elderly subjects compared with young subjects have significantly less EPCs, with an impaired function. This could possibly be related to an ageing-dependent reduction in IGF-1 levels. Indeed, treatment with GH restores normal EPC levels and reduces their senescence through an increase in IGF-1.
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A reduction in the mechanisms of vascular repair by EPCs could also be related to ageing-dependent decrease in plasma concentration of VEGF which could limit EPC mobilization and differentiation. 39 Of note, ageing blunts bone marrow response to pathophysiological stimuli. 40 Thus, a senescent and less competent bone marrow might be unable to release a critical mass of EPCs in critical conditions. 41 With regard to pathophysiological stimuli, the EPC number was proven to be inversely related to the number of cardiovascular risk factors 42 and to the Framingham cardiovascular total risk score, and directly related to brachial reactivity ( Table 1) . 19 In general, the greater the EPC number, the better is vasculature health. Interestingly, EPC count was proven to be more predictive of brachial flow-mediated dilation than cardiovascular risk factors burden, thus suggesting that EPCs can efficiently counteract the detrimental effect of risk factors on vascular function. 19 In contrast, this finding was not in a large population-based study of Xiao et al., 104 who found that an increased Framingham risk score was strongly associated with higher levels of EPCs, despite a mild but significant inverse correlation with the extent of coronary atherosclerosis. Among suppressive factors, smoking increases oxidative stress and reduces NO bioavailability resulting in depletion of EPCs for vascular repair in a dose-dependent manner 43 and with a rapid amelioration after smoking cessation. 44 Yet, in a large study by
Werner et al., 45 prevalence of smokers was higher among subjects with the higher levels of EPCs. In arterial hypertension, angiotensin (AT) II accelerates EPC senescence by reducing telomerase activity and provoking EPC oxidative stress, although it also stimulates VEGF-mediated EPC proliferation, probably due to KDR upregulation. 46 Hypercholesterolaemia determines a reduction in EPCs' proliferative, migratory, and vasculogenetic properties, 47 secondary to a rise in senescence/apoptosis ratio, as demonstrated after EPC incubation with LDL-oxidized, whereas HDL-cholesterol could exert a vascular protection increasing EPC number. Diabetes mellitus plays a pivotal role in the modulation of EPC mobilization and function ( Table 1 ). In diabetics, EPC levels are strictly related to glycaemia levels, and interestingly to the ankle-brachial index. 48 Among the different complications of diabetes, vascular complications are those mostly associated with reduced peripheral number of EPCs, thus suggesting that EPC depletion can be involved in their pathogenesis. 48 A severely impaired re-endothelialization capacity of EPCs in diabetics might be due, at least in part, to an increased NADPH oxidase-dependent superoxide production and subsequently reduced NO bioavailability. 49 However, activation of NADPH oxidase could be less important compared with uncoupling of the eNOS, resulting in superoxide anion formation instead of NO that Thum et al. 50 observed in EPCs from diabetics. This is due to a reduced number and to functionally impaired EPCs, likely contributing to the pathogenesis of vascular disease in diabetes. C-reactive protein has a direct role in the reduction of EPC number and activity, influencing adhesion through a reduction of mRNA transcription of chemoattractant factors as monocyte chemoattractant protein-1 and -2, macrophage inflammatory protein-1a, colony-stimulating factor, and IFN-g inducible protein-10.
51,52 C-reactive protein also mediates suppressor of cytokine signalling upregulation involved in JAK-STAT pathway inhibition, which plays a pivotal role in EPC proliferation and growth. Similarly, TNFa, with its well-known myelosuppressive effect, could be responsible for the reduction of haemopoiesis and EPCs levels observed in the late phases of heart failure. 53 Acute myocardial infarction (AMI) is the most established acute pathological stimulus for EPC mobilization ( Table 1) . After an AMI, progenitor/stem cells are mobilized from bone marrow, released into peripheral blood, and subsequently homed in the myocardium. 54, 55 The relation between EPC mobilization and cardiac repair has extensively been studied. In 2001, Shintani et al.
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increased the concentration of cultured EPCs and of peripheral CD34þ cells after AMI peaking at 7th day. These findings were substantially confirmed by other groups including ours, 57 -59 despite time to peak varied in the different studies, ranging from 5 to .7 days, largely dependent from patient selection criteria and timing and modalities of reperfusion. In particular, we found a higher concentration of CD34þ cells in patients with an AMI than in those with chronic stable angina and in healthy subjects. At follow-up, EPC levels fell to values similar to those found in control healthy subjects. Among patients with AMI, the number of progenitor cells ranged from .20 to ,1 CD34þ cells/mL, indicating the presence of good and poor mobilizers. The degree of spontaneous EPC mobilization was predicted by statin therapy, failed to demonstrate a higher concentration of EPCs in patients who had undergone primary angioplasty, suggesting that inclusion criteria and timing and methods for EPC evaluation could be cause of relevant differences among different studies. Post-AMI EPC mobilization could depend both from prolonged ischaemia and/or from myocardial necrosis. Although one study demonstrated that non-ischaemic myocardial necrosis such as catheter-based radiofrequency ablation can increase circulating EPCs, 60 the vast majority of data supports the notion that the pivotal role is played by myocardial ischaemia. For instance, we could not find any correlation between EPC mobilization after AMI and release of markers of myonecrosis, whereas the amount of mobilized CD34þ cells was predicted by a larger ischaemic territory. 57 Moreover, patients with unstable angina and no evidence of myonecrosis were found to have increased EPC levels compared with patients with stable angina, with a similar extent of coronary artery disease (CAD). 61 Furthermore, in stable patients with known CAD, exercise stress testing is followed by mobilization of CD34þ/KDRþ cells peaking at 24 -48 h. 62 Similarly, in the model of global ischaemia induced by extracorporeal circulation during coronary artery bypass grafting, an increase in concentration of CD34þ cells was demonstrated, independently from clinical characteristics. 63 Finally, in patients with cardiac syndrome X, a clinical model of microvascular coronary dysfunction characterized by angina and evidence of stress-induced myocardial ischaemia, a significant increase in circulating EPCs was demonstrated compared with matched control subjects, 64 associated with lower functional capacities. 65 A rapid recruitment of EPCs from bone marrow, peaking 3 days later, has been demonstrated following repeated ischaemia inducing preconditioning. This phenomenon could participate in myocardial protection from the ischaemic damage, at least in the experimental model. In fact, in animals in which an ischaemic preconditioning was induced, the increase in EPC levels was associated with a reduction in the infarcted area in comparison to those not treated with preconditioning and in which, consequently, no EPC mobilization was shown. 66 Conflicting data on EPC mobilization exist in patients with CAD. Considering that risk factors are inversely related to EPC levels and patients with CAD, on average, have a high risk profile, patients with severe CAD should, theoretically, have less EPCs. This notion is supported by the results of a recent study showing that patients with multivessel disease had significantly lower levels of EPCs when compared with patients with single-vessel disease or without CAD. 67 In contrast, in a previous study, Güven et al. 68 found that the number of EPCs was directly related to the extent of coronary atherosclerosis. These discrepancies could be explained by significant differences in the ischaemic burden. In fact, in the study of Güven et al., patients who require coronary revascularization had significantly higher levels of EPCs when compared with patients without indication for revascularization. A lower EPC count in patients with CAD could be caused by increased consumption, impaired mobilization from the bone marrow, or both. Thum et al. found that the severity of CAD was significantly correlated to plasma concentrations of ADMA, a potent endogenous inhibitor of NO synthase. Levels of ADMA were demonstrated inversely related to the number of CD34þ/CD133þ cells and of endothelial colony-forming units (e-CFUs), whereas in vitro ADMA was able to impair formation of e-CFUs and EPC differentiation. Consequently, the interaction between ADMA and EPCs could contribute to cardiovascular risk and may help explaining low numbers and function of EPCs in patients with CAD. 30 The relation between heart failure and EPC levels is complex ( Table 1) ; Valgimigli et al. 53 demonstrated that functional NYHA class is related to different levels of CD34þ cells. Indeed, compared with healthy control subjects, patients in the lower functional classes (NYHA I and II) had higher levels of CD34þ cells, which, in contrast, were significantly lower in NYHA III and IV patients. These lower levels of EPCs were interpreted to be related to the higher serum levels of TNFa, a known myelosuppressive cytokine. In contrast, in a large study in patients with ischaemic or non-ischaemic heart failure, Michowitz et al. 69 found a mild direct correlation between number of e-CFUs and NYHA class. Recently, Kissel et al. provided novel evidence in patients with post-ischaemic heart failure of a selective functional exhaustion of the EPCs. Interestingly, bone marrow niches as well as the colony-forming capacity seemed to be reduced, whereas bone marrow haematopoietic progenitor cell number was preserved. 70 This could be related to a reduction of the bio-availability of the NO in the bone marrow niches, as the NO has a pivotal role in modulating the activity of MMP-9 that is required for the mobilization of EPC but also for the transfer of endothelial cell to a proliferative niche. 70 
Mediators of endothelial progenitor cell mobilization and homing
Several mobilizing factors, such as granulocyte colony-stimulating factor (G-CSF), granulocyte monocyte colony-stimulating factor, SDF-1 and VEGF, and erythropoietin (Epo), via AKT protein kinase pathway activation, were demonstrated to mediate EPC mobilization, proliferation, and migration.
In particular, we found that G-CSF, VEGF, and SDF-1a serum levels were significantly higher in patients with AMI, compared with chronic stable angina patients and to controls. 71 More interestingly in patients with AMI, CD34þ cell count was significantly related to G-CSF levels, suggesting that they could be responsible for the phasic EPCs mobilization in this setting. Moreover, in a similar clinical setting, Shintani et al. 56 found that the amount of mobilized CD34þ cells was significantly correlated to VEGF levels. Of note, the receptor for Epo, whose main function is to stimulate the proliferation of early erythroid precursors and the differentiation of later precursors of the erythroid lineage, is also on endothelial cells, suggesting again a common ontogenesis for haematopoietic and endothelial lineage. Erythropoietin was proven to increase the proliferative and adhesive properties of EPC in vitro, 72 the number of circulating EPCs in experimental models in vivo, 73 and of CD34þ/CD45þ cells in humans. 74 These findings suggest that lower levels of EPCs in conditions associated with lower levels of Epo, like in chronic renal failure, might contribute to its unfavourable prognosis. 75 The most important role in tissue engraftment is played by the local concentration of SDF-1a and its cell receptor CXCR-4. The importance of the expression of SDF-1a for the homing of progenitor cells in the heart in the early phases of myocardial infarction 76 and in the ischaemic muscle after experimental hindlimb ischaemia 77 has been clearly demonstrated in experimental models. Yamaguchi et al. 78 demonstrated that local concentration of SDF-1a with its receptor on CXCR4 on EPCs was directly correlated to neovascularization. In addition, we found that after myocardial infarction, circulating CD34þ cells were characterized by an enhanced expression of CXCR4, the SDF-1a receptor on their surface, suggesting a potential myocardial homing for these cells 57 and determining a surface phenotype reminiscent for the G-CSF mobilized CD34þ cells. 79 
Effects of drugs on endothelial progenitor cell mobilization
Several drugs have been demonstrated to increase circulating EPC levels ( Table 2) . ACE-inhibitors are recommended in post-infarction patients as they reduce mortality and severity of unfavourable left ventricular (LV) remodelling. Notably, ramipril 80 and enalapril 81 were shown to increase EPC levels both in the experimental model and in patients, probably interfering with the CD26/dipeptidylpeptidase IV system, which is a membrane-bound extracellular peptidase with the ability to cleave chemokines containing the essential N-terminal X-Pro or X-Ala motif, such as SDF-1a/ CXCL12, and which serves as a chemoattractant for human CD34þ cells and stem/progenitor cell populations. Similar findings were found with AT II inhibitors, like valsartan. 82 With regard to 3-hydroxy-3-methyl-glutaryl-CoA reductase-inhibitors, several more robust evidences suggest that they can influence EPC levels and function. Vasa et al. 83 first demonstrated that in patients with CAD, statins administrated for 4 weeks can increase up to threefold EPC number improving their functional activity. Moreover, an increase migratory capacity was able to accelerate re-endothelization through a reduced senescence and an increased proliferation via the activation of cell cycle regulatory genes. 84 These effects were related, at least partially, to an increased activity of the telomere capping protein, which could prevent telomere shortening and DNA damage pathways resulting in an improved functional activity of EPCs. This is particularly interesting when considering that telomere length was demonstrated to be directly correlated to the number of CFUs in patients with ischaemic heart failure. 85 Finally, in the large study of Werner et al., 45 a significantly higher prevalence of statin therapy was present in the group of patients with the highest tertile of EPCs. In a small randomized clinical trial in which we randomized patients with ST segment elevation myocardial infarction treated with a primary or rescue PCI to an intensive (atorvastatin 80 mg from the admission up to 4 month) or to a standard statin treatment (atorvastatin 20 mg from the discharge up to 4 month), we found that during hospitalization there was no difference in EPC levels between the two different groups. Nevertheless, atorvastatin 80 mg was associated with significantly higher levels of EPCs at 4 months of follow-up when compared with patients randomized to standard treatment with atorvastatin 20 mg. 86 Despite a chronic and continuous treatment with statins could be associated with an exhaustion of the bone marrow pool of EPCs, 87 our findings, if confirmed, could provide a possible mechanistic explanation for the reduction of acute coronary events associated with intensive statin treatment when compared with standard treatment, 88, 89 as mobilization of EPCs by statins could favour a more efficient 'healing' of the culprit stenosis. Interestingly, Thum et al. 90 attributed post-infarction EPC mobilization to the concomitant use of ACE-inhibitors and statins, rather than to the release of endogen mediators caused by ischaemia, proposing that in the early phases after myocardial infarction, biohumoral alterations in the bone-marrow would not favour, but rather impair EPC function and mobilization. Such alterations would determine a reduced extracellular signal-regulated kinase 1 and 2 phosphorylation activity, responsible for MMP-9 inhibition and an elevated ROS systemic levels, with a following reduced bone marrow stem cells mobilization. Insulin was demonstrated to increase significantly CD34þ CD133þ cells in patients with type II diabetes mellitus. Interestingly, this effect was particularly apparent in patients with the 23 0 A/G variant of the SDF-1a gene. 91 Moreover, insulin was demonstrated to increase the ability to form e-CFUs. This effect was due to the Peroxisome proliferator-activated receptor gamma (PPARg)-agonists, like rosiglitazone, also were demonstrated to restore circulating levels and functional properties of EPCs, through a reduction of the NADPH oxidase activity, an increased NO availability, restoring in vivo re-endothelization capacity of EPCs from diabetics. Interestingly, this favourable effect of rosiglitazone should be independent from the glycaemic control. 93 Moreover, another PPARg-agonist, the pioglitazone, showed in mice the capacity to increase EPC number and their functional capacity by inhibition of EPC apoptosis in an NO-independent manner. 94 However, the beneficial effects of pioglitazone could be biphasic depending on the dose; indeed, a low dose of pioglitazone was demonstrated to improve in vitro EPC adhesion and differentiation finally resulting in an increased EPC number, whereas a higher dose resulted in a TGF-b1-mediated suppression of EPC development. 95 Finally, considering that mobilization of progenitor cells is an NO-mediated phenomenon, it is surprising that little data were published on the effect of organic nitrates on EPCs. DiFabio et al. 96 demonstrated that similarly to the detrimental effects on endothelial function induced by increased vascular stress, nitroglycerin induces increased apoptosis and decreased phenotypic differentiation, migration, and mitochondrial dehydrogenase activity in EPCs, despite higher levels of circulating CD34þ cells. However, probably not all organic nitrates are similar: Thum et al. tested the effects of different organic nitrates in rats finding that both isosorbide-5-dinitrate (like nitroglycerin) and pentaerythritol tetranitrate (or its major metabolite pentaerythrityl trinitrate) were able to increase circulating EPC levels. Nevertheless, only EPCs from isosorbide-5-dinitrate-treated animals displayed impaired migratory capacity and increased reactive oxygen species formation. This effect could be dependent on the specific antioxidative capacity of pentaerythrityl trinitrate and possibly clinically relevant. 97 
Clinical implications of endothelial progenitor cell mobilization
Taken together, the clinical implications of the large body of information acquired in the past 10 years on the physiology and pathophysiological of EPCs are profound, as peripheral levels of EPCs could mirror both vascular health and the potential for heart repair. These findings could explain atherosclerosis and myocardial damage in a new perspective that is complementary to the theory of 'reaction to injury'. In this new perspective, vascular damage is caused by loss of the balance between vascular and myocardial injury and EPC-mediated repair. Accordingly, the individual susceptibility to atherogenic stimuli causing endothelial dysfunction could be determined not only by the number and the duration of exposure to risk factors but also by the capability to promptly mobilize EPCs and repair endothelial and myocardial injury. Consequently, the compelling evidence suggesting a favourable role of EPCs in vascular and myocardial repair would support a prognostic impact of EPC mobilization in patients with CAD. With regard to this point, two interesting studies suggested that patients with CAD and high levels of EPCs have a significantly better prognosis compared with patients with low levels. 45, 98 The prognostic impact of EPC levels was maintained also in a large study in patients with congestive heart failure, in which they were demonstrated to be the most important determinant of prognosis with the advanced age and the diabetes mellitus at a Cox proportional regression analysis. 69 Similar considerations can be applied to post-AMI patients; indeed, recent findings support the notion that in patients with myocardial infarction mobilization of EPCs could influence mechanisms of LV remodelling. We found a direct correlation between peripheral CD34þ cell count and changes of LV ejection fraction at follow-up and an inverse significant correlation between peripheral CD34þ cell count and changes of LV volumes and wall motion score index. This was particularly apparent in patients with persistently higher levels of CD34þ cells. 57 Taken together, these findings support the contribution of bone marrow to cardiac repair probably by improving microvasculature of the peri-infarct region. Subsequently, Wojakowski et al. 99, 100 demonstrated that CD34þ/ CXCR4þ or CD34þ/CD117þ cells mobilized from bone marrow after an AMI expressed early cardiac and endothelial superficial markers, suggesting their potential role as 'committed tissue cells' designed to improve cardiac function, as demonstrated by the significant correlation with post-infarction LV function. On these bases, several clinical trials investigated the possibility to favourably affect post-infarction LV function through the pharmacological mobilization of progenitor cells using G-CSF. Nine randomized controlled studies evaluated the safety and efficacy profile of G-CSF in the setting of the acute/subacute phase of myocardial infarction in humans on a total of 409 patients. 101 G-CSF in general is well tolerated, but a meta-analysis failed to find a beneficial effect of G-CSF on LV function. 102 Yet, a beneficial effect was seen in the subset of patients with impaired baseline LV function. 103 Future properly powered randomized controlled studies ideally targeting patients with large anterior MI with poor response to early reperfusion are warranted to further clarify the role of G-CSF in this setting.
In conclusion, in the last few years, a large body of evidence has been accumulated suggesting the importance of EPCs in the mechanisms of vascular repair. Regardless of their therapeutic applications, the role of EPCs as a marker of vascular health and prognosis is already well established. More importantly, EPC might not be simply a marker of vascular health, but they might contribute to vascular health. If this is the case, therapies designed to maintain persistently high levels of EPCs are strongly warranted in the next future.
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